ABSTRACT. To maximize specific ecosystem services (ES) such as food production, people alter landscape structure, i.e., the types of ecosystems present, their relative proportions, and their spatial arrangement across landscapes. This can have significant, and sometimes unexpected, effects on biodiversity and ES. Communities need information about how land-use activities and changes to landscape structure are likely to affect biodiversity and ES, but current scientific understanding of these effects is incomplete. The Montérégie Connection (MC) project has used the rapidly suburbanizing agricultural Montérégien landscape just east of Montreal, Québec, Canada, to investigate how current and historic landscape structure influences ES provision. Our results highlight the importance of forest connectivity and functional diversity on ES provision, and show that ES provision can vary significantly even within single landuse types in response to changes in landscape structure. Our historical analysis reveals that levels of ES provision, as well as relationships among individual ES, can change dramatically through time. We are using these results to build quantitative ES-landscape structure models to assess four future landscape scenarios for the region: Periurban Development, Demand for Energy, Whole-System Crisis, and Green Development. These scenarios integrate empirical and historical data on ES provision with local stakeholder input about global and local social and ecological drivers to explore how land-use decisions could affect ES provision and human well-being across the region to the year 2045. By integrating empirical data, quantitative models, and scenarios we have achieved the central goals of the MC project: (1) increasing understanding of the effects of landscape structure on biodiversity and ES provision, (2) effectively linking this knowledge to decision making to better manage for biodiversity and ES, and (3) creating a vision for a more sustainable socialecological system in the region.
INTRODUCTION
People everywhere rely on ecosystem services (ES) for their livelihood and well-being (MA 2005) . ES provision depends on the biodiversity and ecological functions that characterize ecosystems (Gonzalez et al. 2011 ), which in turn are influenced by landscape structure, i.e., the types of ecosystems present, their relative proportions, and their spatial arrangement across landscapes (Gordon et al. 2008 , Mitchell et al. 2015 . Although people around the world continue to alter landscapes in farreaching ways to maximize specific ES such as food production (Foley et al. 2005 , Ramankutty et al. 2008 , our understanding of the links between landscape structure, biodiversity, ecosystem functioning, and ES lags behind (Kremen and Ostfeld 2005 , Carpenter et al. 2009 , Biggs et al. 2012 . This means that people are changing landscapes to alter service provision, but are doing so with incomplete information about how these changes will affect multiple services and human well-being.
Landscape alterations typically involve fragmenting, isolating, or even replacing natural ecosystems (Foley et al. 2005 , MA 2005 , resulting in smaller and more isolated habitat patches, changes to patch shape and condition, and reduced landscape connectivity (Hanski 2005 , Haddad et al. 2015 . Loss of connectivity and fragmentation of natural habitat can affect the movement of organisms and material (Mitchell et al. 2013) , as well as levels of biodiversity (Fahrig 2003 , Hanski 2005 and ecosystem function (Gonzalez et al. 2009 ). Because movement of organisms and material as well as maintenance of biodiversity are key for many ES (Kremen et al. 2007 , Gordon et al. 2008 , Cardinale et al. 2012 , Balvanera et al. 2014 , changes to landscape connectivity can substantially alter the provision of multiple ES at different scales (Kremen and Ostfeld 2005 , Carpenter et al. 2009 , Biggs et al. 2012 , Mitchell et al. 2013 . For example, pollination and pest regulation depend on the movement of arthropods from noncrop habitat fragments to fields (Ricketts et al. 2008 , ChaplinKramer et al. 2011 ) and can be influenced by the diversity of pollinator and predator communities (Hoehn et al. 2008 , Letourneau et al. 2009 ). However, except for a few select ES, we have limited examples of how changes to landscape structure and connectivity affect ES provision, especially at scales relevant to ecosystem management and planning in real-world socialecological systems (Biggs et al. 2012 ).
Managing landscapes for ES provision requires an understanding of how policy, governance, and human institutions interact to bring about changes in landscape structure and ES (Andersson et al. 2007 , Diaz et al. 2011 . However, because of the lack of scientific information about how land-use decisions affect multiple ES at different scales, uncertainty about how to incorporate this information into decisions, and poor communication between researchers and decision makers (Likens 2010 , Dietz 2013 , frequent calls for ES to be "explicitly and systematically integrated into decision-making" (National Research Council 2004 , Daily et al. 2009 remain unanswered. Most existing ES models were developed to address a single ES at a single spatial scale (Carpenter et al. 2009 ) and ignore interactions among services, even if those interactions might affect the ES of primary interest. Additionally, most studies only offer a snapshot in time, which is unlikely to be sufficient to understand rates of change in ES provision or their interactions (Renard et al. 2015) . Finally, most ES models use the amount of each land-use or land-cover type as a proxy for ES, largely ignoring how changes to landscape structure might alter relationships between land use/land cover and ES. There is increasing evidence that these simple proxies do a poor job of representing actual patterns of ES provision (Eigenbrod et al. 2010 (Eigenbrod et al. , 2011 and that relationships between land use/land cover and ES vary significantly depending on the scale considered (Anderson et al. 2009 , Holland et al. 2011 .
At the same time, landscapes around the world are increasingly being managed for landscape structure, and in particular connectivity, to conserve threatened biodiversity of high conservation concern (e.g., the Yellowstone to Yukon Conservation Initiative, http://y2y.net). However, these approaches rarely explicitly incorporate ES. Decision making for multiple ES and biodiversity conservation at landscape scales will be improved with more robust theory, data, and models that link landscape structure, biodiversity, ecosystem functions, and ES at the scales where decisions are made and where management efforts will be most effective (Carpenter et al. 2009 ).
To address these knowledge gaps, we developed a detailed case study in the Montérégie, an agricultural region in southern Québec, Canada. The Montérégie Connection (MC) project has three main goals: (1) to develop and empirically evaluate a robust conceptual framework detailing the links between landscape structure, biodiversity, and ES (Fig. 1) ; (2) to build landscape models that can be used to quantitatively explore future provision of ES under various scenarios, enabling exploration of how local decision making affects the provision of ES; and (3) to expand and deepen channels of communication with local and regional nongovernmental organizations (NGOs) and governance bodies to ensure long-term input on research and effective use of research products and outcomes. We have used empirical field studies of landscape structure, biodiversity, and the provision of multiple ES across the Montérégie to build preliminary quantitative landscape models that link land use/land cover with the provision of multiple ES. These models are being paired with scenarios of future land use/land cover developed in collaboration with local stakeholders, and will be informed by our historical analyses of ES in the Montérégie to predict future provision of multiple ES. These models continue to be updated and improved using project results. Here, we describe our process for understanding landscape structure-biodiversity-ES relationships in the Montérégie, how we developed ES models and future scenarios, and how these components are being linked to inform land management in the region.
We chose the Montérégie region in southern Québec because it is representative of human-dominated agricultural landscapes that are currently seeing substantial pressure from periurban development. This increased intensity of human use requires effective management of landscape structure into the future for both ES and biodiversity. Historical clearing of native ecosystems for agriculture in the Montérégie has driven changes in landscape structure that have had far-reaching consequences for the current provision of multiple ES. In particular, these changes have increased food production, but degraded regulating ES such as water quality regulation and carbon sequestration (RaudseppHearne et al. 2010) . Currently, substantial periurban expansion and population growth in the region are increasing demand for a diverse suite of ES. These pressures are forecast to increase into the future (ISQ 2014) . At the same time, there is a desire to establish a greenbelt and create green corridors across the region to conserve, and potentially even increase, regional biodiversity (MRC-VR 2007) . Understanding how human actions that alter landscape structure, and connectivity in particular, are expected to affect biodiversity, multiple ES, and ultimately human wellbeing ( Fig. 1) is critical for effective management of this region. This motivation is central to our research and informs the main conceptual framework and questions that underlie the MC project.
Fig. 1.
Conceptual linkages between landscape structure and human well-being in the social-ecological system of the Montérégie Connection Project. Landscape structure, i.e., the types of land use and land cover present, as well as their configuration and connectivity, affects both levels of biodiversity and the different ecosystem functions present in landscapes. This in turn affects all types of ecosystem services (e.g., provisioning, regulating, and cultural), human well-being, and eventually social values, institutions, and decisions. These social changes will affect people's actions in the landscape, in turn changing how they use the land and affect landscape structure.
THE MONTÉRÉGIE AND THE RICHELIEU WATERSHED
The MC project study area is located to the east and south of Montreal, the eighth largest city in North America (Fig. 2) , and is focused on the Mixedwood Plains ecozone and St Lawrence Lowlands ecoregion of southern Québec, Canada. This region has warm summers and cold, snowy winters with a mean annual temperature of ~5°C and average seasonal temperatures that range from 16.5°C in the summer to -7°C in the winter. Mean annual precipitation varies between 800 and 1000 mm. The terrain is mostly flat and below 150 m is dominated by poorly drained clay deposits upon which gleysolic soils have developed (Jobin et al. 2010). However, several Montérégien hills, isolated plutonic intrusions that range from ~200 to 400 m in height, are also present (Feininger and Goodacre 1995) . These hills are forested, often reserved for recreation, and are important reservoirs of biodiversity in the region.
The Montérégie in its entirety covers ~11,000 km² and has a population of approximately 1.4 million people (~18% of Québec‛ s population). It contains ecosystems with the highest levels of biodiversity in the province (Tardif et al. 2005) and consists of a mosaic of urban, periurban, rural, and extensive agricultural areas. Rural communities and agriculture have historically dominated the Montérégien landscape. A shift in agricultural production from dairy farming to intensively managed corn and soybean fields has occurred in recent decades, leading to more annual crops, fewer farms, and increases in pesticide and fertilizer use (Bélanger and Grenier 2002, Jobin et al. 2010) . Apple orchards are concentrated on the well-drained gravel slopes of the Montérégien hills. Numerous, mostly small, residual deciduous and mixedwood forest fragments are present and provide important ES, including maple syrup production, but very few municipalities have more than 30% forest cover, based on land cover analysis using 2009 Landsat 5 images (M. Dumitru, unpublished data). The region is currently undergoing significant residential development and expansion of periurban areas because of its proximity to Montreal (Dupras and Alam 2014) . This is causing significant loss of biodiversity (Bélanger and Grenier 2002, Jobin et al. 2010) and is putting pressure on local land managers to achieve provision of multiple ES across the landscape.
Fieldwork, modeling, and scenario development for the MC project have focused on the Vallée-de-Richelieu Muncipalité Region Comté (VR-MRC) or Regional County Municipality (Fig.  2) . MRCs are Québec-specific political entities that provide regional governance across a number of smaller, local municipalities. Their responsibilities include planning and managing land use, making and administering urban planning rules, and managing watercourses and agricultural drainage across their jurisdictions, among other duties. The VR-MRC covers ~75 km², has a population of ~120,000, and consists of 13 municipalities located on either side of a ~63-km stretch of the Richelieu River. The first Biosphere Reserve designated in Canada under the United Nations Educational, Scientific and Cultural Organization Man and the Biosphere Program is centered on Mont Saint-Hilaire, a Montérégian hill within the VR-MRC. It incorporates a tightly coupled social-ecological system including a vibrant human community, a research center in McGill University‛s Gault Nature Reserve (http://www.mcgill.ca/gault/), and a variety of natural ecosystems. Importantly, the Gault Nature Reserve is partnered with the Centre de la Nature Mont SaintHilaire (http://www.centrenature.qc.ca), a nonprofit organization created in 1972, separate from McGill University, that serves as an outreach vehicle to aid in regional conservation efforts. Much of the current periurban development in the VR-MRC is focused around Mont Saint-Hilaire on either side of the Richelieu River.
Numerous ES are provided across the Montérégie, including food, drinking water, connections to nature, opportunities for recreation, nature-based tourism, carbon sequestration and storage, nutrient retention, pollination, pest regulation, and soil quality regulation (Raudsepp-Hearne et al. 2010 , Ziter et al. 2013 , Mitchell et al. 2014a , 2014b , Martins et al. 2015 . Past work has shown that these ES are provided heterogeneously across the landscape, with many positive and negative interactions between ES at different spatial scales. This has resulted in the presence of ES bundles, distinctive sets of ES that occur together repeatedly across the landscape (Raudsepp-Hearne et al. 2010) .
RESEARCH FRAMEWORK AND SCENARIO DEVELOPMENT
The MC project aims to understand how landscape structure affects biodiversity, ecosystem function, and the provision of different ES (Table 1, Fig. 1 ), and to link this ecological knowledge to the values, institutions, and decisions that determine human actions, especially those that determine landscape structure. Using a combination of geographic information system, fieldwork, and historical analyses, we have collected empirical data about the relationships between landscape structure, biodiversity, and the provision of multiple ES at multiple spatial scales in our study area ( Fig. 3) . At the finest scale, approximately the size of a single farm, field, orchard, or forest fragment, we concentrated on how biodiversity and ES vary spatially within land-use types, i.e., with distance from forest in fields or distance to edge in forest fragments. At the scale of a few square kilometers, we focused on understanding how landscape structure, in particular connectivity between forest fragments, affects biodiversity and ES provision. Although each project component differed in its consideration of specific landscape structure variables, land uses, spatial/temporal scales, species groups, and ES, overall results point to the general importance of landscape structure for biodiversity and services, with a significant role for human management in mediating these relationships.
Parallel to this empirical work, we conducted a historical analysis of ES provision across the Montérégie. Combining data from censuses, provincial ministries, and archives of regional associations, we quantified food provision indicators (five field crops, three livestock types, and dairy and maple syrup production) from 1911 to 2006 and nine other provisioning, regulating, and cultural ES from 1971 to 2006 (Table 1) . Our main goals here were to identify bundles of ES (i.e., sets of positively correlated ES) and describe if, and how, their provision and spatial distribution changed through time.
Using our empirical data, historical analyses, other existing landscape structure data, literature on ES in the region, and expert knowledge, we built preliminary spatially explicit models that relate landscape structure to different ES. These models are currently being updated to more fully take into account our empirical and historical analyses. Because the data available at the VR-MRC scale are less detailed than our empirical data, it has not been possible to include all of the ES measured in the field in Ecology and Society 20(4): 15 http://www.ecologyandsociety.org/vol20/iss4/art15/ these models (Table 1) . This is particularly true for those ES that have no information available about their relationships with landscape structure or their historical trends. Instead, the models have been constructed and will be further developed around a bigpicture approach with simplified relationships based on those quantified in our field and historical studies. Importantly, the models do not simply predict ES provision based on land use/land cover alone, but also explicitly take into account the effects of landscape structure on ES provision that we have come to understand from our empirical work. Thus, the models will be an important advance from a benefits-transfer approach of mapping ES based solely on land use/land cover toward a more realistic representation of how ES provision can change with the structure of the landscape.
In conjunction with model development, we developed scenarios of possible futures for the VR-MRC in collaboration with local stakeholders, helping directly link their values, needs, and knowledge with our research (Cowling et al. 2008 , Lamarque et al. 2013 . Scenarios are sets of plausible stories about what the future might look like and have been shown to be a useful alternative to single-future strategic planning processes (Wollenberg et al. 2000 , Bennett et al. 2003 . They can also be used to guide decision making that is robust under a wide range of possible futures (Peterson et al. 2003a , Van der Heijden 2005 and have been used effectively in collaboration with local stakeholders to address issues of concern (Peterson et al. 2003b ). By creating scenarios that explicitly include changes in landscape structure and that can incorporate our quantitative landscape models, we have been able to use the scientific knowledge produced by the MC project to inform discussions of landscape management and decision making in the Montérégie.
We identified key drivers of future land use changes in the VR-MRC and generated scenarios through two workshops organized with the main stakeholders in the region, including representatives of NGOs, municipalities, ministries of environment and agriculture, farmers, and the local chamber of commerce. These drivers came from a retrospective analysis of past land-use changes, an understanding of global drivers affecting land-use change in Canada, and aspects specific to the VR-MRC context, such as urban sprawl associated with a growing Montreal population. We then classified these drivers according to their potential influence and level of uncertainty, and selected two main drivers, i.e., energy sources and the nature of population growth, as the basis for scenario development. In subgroups, workshop participants developed nine storylines that were then synthesized into four scenarios by the research team. Finally, these scenarios were modified and validated by a select group of stakeholders acting as an advisory board for the project.
As the scenario process plays out, we will fully assess how ES provision and biodiversity will change across the VR-MRC in each of the four scenarios using our final ES-landscape structure models and will then discuss with stakeholders how changes in drivers will affect landscape structure to produce differences in the provision of multiple ES (Fig. 3) . At present, we have only used our preliminary ES-landscape models to assess how future ES provision and biodiversity might vary in each scenario. To do this, we first adapted a land-use change model to map anticipated future land use under each scenario. Each map was then discussed, modified, and validated with our stakeholder advisory board, taking into account unique aspects of the region to ensure realistic land uses and landscape structure. Importantly, each scenario differs from the others in terms of landscape composition, landscape structure, and connectivity. These land-use maps have served as input for our preliminary ES-landscape models. Next, the results from our empirical work were used to develop simple relationships between landscape structure and ES provision for our preliminary models. Initial results from this analysis have been discussed with stakeholders to develop adaptive strategies for the sustainable management of multiple ES in the region. Bringing the scenarios and the modeled ES outcomes from the scenarios back to our stakeholders has led to interesting discussions that highlight the important learning that is happening among our stakeholder group as they participate in the project. This discussion has also helped us determine the important values of different stakeholder groups and how these values influence land management decisions in the region. These results will be further refined as our models are finalized, and the full results of our paired scenario-ES model analyses for all 11 ES across the landscape (Table 1) will be communicated to regional stakeholders. The MC project illustrates the usefulness of the scenario approach, which involves researchers working closely with local communities to build, use, and refine tools to grapple with the challenges of environmental management in the face of local, regional, and global change.
EMPIRICAL RESULTS
Our empirical results demonstrate that landscape structure has important and varied effects on ES provision. In particular, increased forest fragment connectivity reduced arthropod pest control within maple tree stands (Fig. 4B , Maguire et al. 2015) as well as insect herbivory and aphid numbers in nearby soybean fields (Fig. 4A , Mitchell et al. 2014b ), but had little effect on aboveground carbon storage (Ziter et al. 2013) . The relative locations of riparian buffers and nutrient sources to agricultural fields and watercourses also play a critical role in water quality regulation in the region (Terrado et al. 2014) . We found that ES provision varies according to distance-dependent relationships within single land-use categories. For example, soybean yield increases asymptotically with distance from forest (Fig. 4C) , whereas seed set in apple orchards declines linearly as distance to meadow increases (Fig. 4D , Martins et al. 2015) . Importantly, the nature of the relationships between landscape structure and ES provision varies widely across different ES. This is significant because it means that the consequences of a single change in landscape structure will vary substantially for different ES, significantly increasing the difficulty for managers who wish to manage for multiple services.
Additionally, although landscape structure has readily apparent effects on the diversity of different species groups, the consequences of these for ES provision are not consistent. For example, distance from forest and field width alter soybean pest and arthropod predator diversity but not pest regulation (Mitchell et al. 2014a) , and edge effects alter tree diversity in forest fragments but not carbon stocks (Ziter et al. 2014) . Contrastingly, greater functional diversity of bees increases apple fruit and seed set in orchards (Fig. 4E , Martins et al. 2015) , whereas greater tree functional diversity increases aboveground carbon storage in unmanaged forest fragments (Fig. 4F, Ziter et al. 2013) . Relationships between (A) forest fragment isolation (PI indicates proximity index) and herbivory regulation in adjacent soybean fields; (B) forest fragment connectivity and herbivory regulation in different types of maple tree stands; (C) distance from forest fragment and crop yield; (D) distance from meadow and pollination services; (E) woody plant functional diversity (functional dispersion) and carbon storage; and (F) native pollinator functional diversity (functional dispersion) and pollination services. In each, shaded areas or error bars indicate 95% confidence intervals. In panels A, C, and E, we show individual data points; in panels D and F, the small lines along the x-axis indicate sampled distances from meadow and pollinator functional diversity, respectively. Reproduced from Mitchell et al. 2014b (panels A and C); Martins et al. 2015 (panels D and F); and Ziter et al. 2013 (panel E) .
Results from our historical analysis show that not only individual ES change through time and space, but entire bundles of services change in response to changes in land use and management (Renard et al. 2015) . Regional municipalities in the 1970s tended to be ES generalists, providing a broad mix of services, but by 2006 most had specialized in the production of only a small set of services. These results provide evidence of the dynamic nature of ES interactions and show how a historical approach can contribute to identifying the drivers behind these changing relationships.
SCENARIO DESCRIPTIONS
The four scenarios (Box 1) extend to 2045 and differ in regard to two main drivers: (1) the sources of energy used for housing, transportation, and agriculture, as well as the level of selfproduction of energy in the region; and (2) the extent to which urban sprawl is contained or expanded. Complete storylines can be found online (http://MonteregieConnection.com).
Box 1: Four Scenarios Periurban Development
This scenario explores what happens when urban sprawl simultaneously increases energy demand and significantly alters the structure of the landscape and its ability to provide ES (Fig.  5) . Because of massive immigration to the region (a 0.9% increase in population per year) and a failure of urban densification programs, urban area expands by approximately 80% in the Montérégie. New suburban developments built on farmland and forest patches along the Richelieu River are facilitated by upgraded highway connections into the city center of Montreal. Increased urban development around the south of Mont SaintHilaire leads to widespread loss of forest and farmland. Remaining farms are large and are planted nearly entirely with soy and corn. Loss of small forest patches between small agricultural fields dramatically reduces landscape connectivity, causing declines in biodiversity and ES. Ultimately, quality of life is reduced as access to green space and agrotourism declines.
Demand for Energy
A global energy shortage leads to the end of Québec‛s shale gas hydraulic fracturing (fracking) moratorium (Fig. 6) . Subsequent shale gas development in the north of the VR-MRC negatively impacts water supply, water quality, and agricultural production. At the same time, wind power installations are developed along main highways. Urban expansion is limited, with an emphasis on increased urban density. Suburban development results in some loss of farmland, but this is balanced by forest clearing and agricultural expansion in the north. Shale gas development improves the economic welfare of the region, allowing land managers to strengthen forest protection, improving access to outdoor recreation and increasing climate mitigation through carbon storage.
Whole-System Crisis
Urban expansion is almost nonexistent through 2020 as a deep economic crisis reduces population growth in the region, driving down housing prices (Fig. 7) . In addition, exotic insect pests, in particular the Emerald Ash Borer (Agrilus planipennis) and Asian Long-Horned Beetle (Anoplophora glabripennis), attack hardwood trees and cause widespread degradation and loss of forests and maple trees, resulting in reduced maple syrup production. This leads to agriculture expansion instead of intensification and a return to a pasture-based livestock agricultural system, as well as a shift toward market gardens on high-value agricultural land. Marginal farmland is reforested for wood production (agroforestry) or climate mitigation (carbon storage).
Green Development
A significant shift toward sustainable development occurs in the Montérégie (Fig. 8) . The regional population continues to increase Ecology and Society 20(4): 15 http://www.ecologyandsociety.org/vol20/iss4/art15/ at an average rate of 0.7% per year, but urban expansion is limited because of effective efforts toward densification of existing and new urban centers. These new urban areas incorporate green corridors that include bicycle paths and rail connections to the Montreal city center. Renewable energies are prioritized. In an effort to create a green corridor network in the region, every hectare of forest lost to new urban development is compensated for by planting two new hectares of forest. Protected areas cover 17% of the region by 2035. Most agricultural lands have adopted agroforestry principles, which leads to a significant increase in forested lands, as well as maple products, recreation, and mushroom crops. 
DISCUSSION
The main aim of the MC project is to improve understanding of the links among landscape structure, biodiversity, and ES provision, and to use this knowledge to inform land-use decisions. To do this effectively, we have combined a wide range of approaches, from conventional ecological fieldwork detailing ES and land-use relationships to historical analysis of ES through time. Most importantly, the incorporation of scenarios coupled with preliminary quantitative landscape ES models has allowed the MC project to investigate the feedbacks between landscape Ecology and Society 20(4): 15 http://www.ecologyandsociety.org/vol20/iss4/art15/ structure, ES provision, and human activities. These results will continue to be refined as we develop our ES-landscape structure models. Our use of scenarios also allowed the MC project to capitalize on trusting and long-term relationships with regional stakeholders. This has been key to effectively incorporating scientific knowledge of ES provision across the Montérégie into local and regional decision making.
Empirical results from the MC project suggest that landscape management decisions need to take into account landscape structure to effectively manage ES. We observed strong effects of landscape structure on multiple ES, with the form of these relationships varying widely between different ES. Currently, explicit consideration of landscape structure in ES studies is not common. In part, this is because of the fact that ES modeling efforts so far have focused on simplified landscape models; understanding the more complicated effects of landscape structure on ES has not been a priority, given other knowledge gaps. However, landscape planning usually involves decisions about how different land uses/land covers should be spatially arranged (e.g., Phalan et al. 2011) . Without information about how spatial arrangement of land uses/land cover will affect the provision of ES, it is difficult to accurately manage for ES through landscape planning. Thus, there is a critical need to consider and quantify the links between landscape structure and ES provision (Chaplin-Kramer et al. 2015 , Mitchell et al. 2015 . Development and application of the MC project‛s conceptual framework, and quantification of the empirical relationships between ES and landscape structure in the MC project have demonstrated the importance of landscape structure for ES provision in suburbanizing agricultural landscapes.
Empirical results from the MC project also emphasize the fact that human activities, by changing landscape structure and connectivity, have important effects on ES provision and biodiversity. In particular for the Montérégie, our results demonstrate how agricultural expansion and forest fragmentation are important drivers. Landscape connectivity, fragmentation, and distance-dependent changes in ES provision all play a role in determining overall ES provision across the Montérégie landscape. These effects are usually unique for each ES, varying across and within land-use types and often mediated by changes in biodiversity. These insights highlight the weakness of many current benefit-transfer approaches to ES modeling, in which each land use/land cover is assigned a static ES value and effects of landscape structure on ecological dynamics or levels of biodiversity are not considered. Instead, our results emphasize that ES provision can vary at much finer scales across landscapes and that understanding these patterns and the underlying ecological mechanisms is key to managing landscapes for ES provision. An important consequence of these results is that heterogeneity in landscape structure at different scales may be needed to maximize multiple ES across agricultural landscapes like the Montérégie (Mitchell et al. 2014b ). However, the specific spatial scales and levels of heterogeneity needed to maximize different ES are uncertain, and in some cases optimizing landscape heterogeneity for one ES might lead to a detrimental effect on a different ES or biodiversity conservation (Fahrig et al. 2011 , Seiferling et al. 2014 . This highlights the difficulties in designing and planning at the landscape scale for multiple ES and biodiversity.
An important challenge that emerged during the MC project was measuring ES and biodiversity across the VR-MRC at multiple spatial scales. Past work has demonstrated the scale-dependency of the ecological and social processes that underlie ES provision (Anderson et al. 2009 , Isbell et al. 2011 . Attempting to understand these relationships at multiple scales emerged as a key aspect of the project in two main ways. First, understanding how processes at different spatial scales interact to determine biodiversity and ES provision has allowed and will continue to allow us to model these different processes across the Montérégie in more complex and complete ways. In some cases, different empirical results emerged for ES measured at different scales, informing our understanding of the important processes for ES provision. For example, many of the strong trade-offs and synergies between ES at the regional scale (Raudsepp-Hearne et al. 2010) are weaker close to forest fragments, potentially because of forest fragments‛ ability to alter environmental conditions and affect the movement of organisms to nearby fields (Mitchell et al. 2014b) . In other cases, the important scales for ES provision varied between ES; pest regulation depended on forest connectivity across kilometers (Fig. 4A, 4B ), whereas crop provision was affected by distance from forest and meadow at the scale of hundreds of meters (Fig. 4C, 4D ). Second, working at multiple scales allowed us to connect with stakeholders who manage the landscape at different scales (e.g., regional planners, city administrators, individual farmers). This has helped ensure that the results of our quantitative models and scenarios will be relevant to a wide range of stakeholders and will be incorporated into the variety of land management processes that take place across the region.
The MC project also highlights the importance of understanding changes in historical land-use/land-cover changes and ES provision. The long-lasting effects of past land use on current biodiversity patterns, ecosystem structure, and functioning are well recognized and have been widely applied in landscape and restoration ecology (Flinn and Vellend 2005 , Vellend et al. 2007 ). The VR-MRC is no different, where current forest understory biodiversity is more related to historical landscape configuration than current conditions (Larouche 2013) . However, most current ES research has only been able to quantify ES provision over a small period of time (but see MacDonald and Bennett 2009 , Lautenbach et al. 2012 , Renard et al. 2015 . This means that the social-ecological dynamics operating at longer time scales that can influence ES provision have not been well described. For example, historical legacies of land use and land cover can significantly influence current ecosystem functioning and ES provision. Our historical analysis has allowed us to better understand how ES trade-offs and synergies vary through time and how important other variables, such as agricultural policy and management, are for ES provision. This will allow us to refine our quantitative ESlandscape models to better reflect these dynamics in the future and better understand how institutions and social networks can achieve effective long-term ES management (Swetnam et al. 1999) .
Our use of scenarios coupled with preliminary landscape structure-ES models of intermediate complexity has and will continue to be critical to the MC project‛s goal of providing research products that will be used in regional decision making.
Ecology and Society 20(4): 15 http://www.ecologyandsociety.org/vol20/iss4/art15/ The contemporary and historical landscape structure-ES relationships described in the MC project are complex, and the implications of these relationships for local stakeholders and decision makers into the future are often not immediately obvious. Explicitly linking land-use/land-cover and landscape structure changes in scenarios to biodiversity and ES provision has allowed us to translate these ecological relationships into results that are more easily understood by different stakeholders. An example is how the loss of forest connectivity from agricultural expansion leads to biodiversity and ES loss the Periurban Development scenario. This ability to translate complex social-ecological results to narratives has depended on building models with intermediate complexity that can link the data available at the scale of the VR-MRC and information about landscape structure and ES dynamics with more straightforward future scenarios. We anticipate that the value of this approach will become even more evident as we continue to develop and improve our ES-landscape models and use them to explore how scenarios of land-use change will impact ES provision.
We have also found that scenario development itself can help effectively communicate scientific knowledge and results. Stakeholders were involved throughout the development and validation of the scenarios, which led to lengthy discussions among stakeholders about the future of the Montérégie, how land management decisions and changes to landscape structure might affect ES, and what specific ES different groups desired or valued. It also promoted conversations about the presence, importance, and effects of different drivers of land-use change in the region, e.g., energy use, urban development, economic changes, invasive species. These discussions themselves, separate from the preliminary ES provision results for each scenario, were a way to raise awareness and transfer knowledge of scientific research into regional decision making.
The divergent and varied futures imagined across the four scenarios have allowed us to begin to explore the combined consequences of global and local social drivers, human actions, and ecological pressures on ES provision. For example, the more sustainable future of Green Development contrasts with the global economic drivers evident in Demand for Energy or the ecological drivers of invasive species in Whole-System Crisis. These scenarios have resonated with local stakeholders, allowing them to better comprehend the effects on ES provision of changing landscape structure and how their decisions across the landscape can influence these processes. Stakeholders at project workshops have actively engaged with the scenarios, literally sitting on the edge of their seats while scenario results have been presented and immediately discussing these results with those around them, what they want the future of the region to be like, and how to achieve it. This level of stakeholder engagement is a powerful way to engage nonscientists in scientific research and dialogue around the management of social-ecological systems for ES.
We have also found that scenarios can effectively communicate constraints in ES management, i.e., that decisions to maximize certain ES, or decisions that impact specific ES, can lead to unexpected changes in other ES. For example, decisions to increase agricultural production by removing small forest patches in the Periurban Development scenario led to decreased opportunities for recreation and agrotourism in the region. Similarly, shale gas development in response to Demand for Energy degraded water supply and quality in the VR-MRC, but also indirectly allowed land managers to increase outdoor recreation and carbon storage through improved economic growth in the region. Our approach of coupling future scenarios with quantitative ES-landscape models has, so far, been key to the project‛s ability to translate conventional empirical ecological results and knowledge into tools and products that will be used by local and regional policy makers and land managers.
Developing effective scenarios in our study area meant connecting and communicating with a diverse set of stakeholders in both French and English. In this context, a career spent building trust and connections to one local group can have disproportionate benefits. We were able to capture the attention of our stakeholders and ensure their willingness to participate via one of our Principal Investigator‛s connections to the Centre de la Nature Mont SaintHilaire, with which he had built a trusting relationship over 15 years while director of McGill‛s Gault Nature Reserve. These types of bridging organizations, which can use their relationships with others in the community to bring many different players to the table (Folke et al. 2005) , are key to ensuring that projects like the MC connect with the different voices required to create realistic and inclusive scenarios (Box 2).
Box 2: A Stakeholder‛s Perspective on the MC Project
By Kees Vanderheyden and Geneviève Poirier-Ghys of the Centre de la Nature du Mont Saint-Hilaire For 15 years the Centre de la Nature du Mont Saint-Hilaire (CN) has been working to raise public awareness of the importance and vulnerability of our natural heritage, focusing on Mont Saint Hilaire (MSH) as one of the few protected areas in the region. As part of this mission, and with a desire to secure the protection of MSH in the face of urban development, the CN has been involved in active dialogue and outreach activities with neighboring landowners about ways to protect their land and biodiversity. The hope is that this will provide a buffer around MSH as well as provide green corridors linking the mountain with other regional woodlands.
The MC project came as welcome news for the CN because it provided an ideal opportunity to deepen understanding about the many ES provided by green spaces, including MSH, and build support for ongoing protection of the mountain and the region‛ s natural areas. The MC project provided not only information about ES, but also ecological data from regional parks and surrounding forest fragments, and practical tools to help local land managers predict the impacts of their decisions on ES. Researchers have provided maps and scenarios that clearly illustrated the potential consequences of planning decisions on the ES provided by local green spaces. Also critical to our success was the presence of a dedicated communications officer for the MC project to manage engagement with stakeholders. Unfortunately, this role is rare in scientific projects but was absolutely essential for the success of our project. Understanding and navigating the landscape of different stakeholders, decision makers, nongovernmental http://www.ecologyandsociety.org/vol20/iss4/art15/ organizations, unions, and public groups that is present across the study area was key to engaging these groups, building scenarios, and leveraging our project into current decision-making processes. These interactions continually informed our empirical, historical, preliminary modeling, and scenario-building exercises (Fig. 3) . Without this ability to effectively engage with important stakeholders, the MC project would not have been as relevant or effective.
CONCLUSIONS
The MC project and its conceptual framework represent a significant advance in our understanding of how human actions alter ES provision at landscape scales across social-ecological systems. Understanding how landscape structure and connectivity can alter biodiversity, ecosystem processes, and ultimately, the provision of ES is critical to more accurately predict the consequences of land-use/land-cover change. However, the ultimate impact of this new knowledge depends on our ability to translate it into tools that managers, policy makers, and other actors can comprehend and use. The MC project‛s use of scenarios has been crucial to involve stakeholders in each step of the MC project and build a collaborative project in which stakeholders are as invested as the researchers. Ultimately, this has allowed us to better capture the social and institutional dynamics that are integral to the Montérégie‛s social-ecological systems. Although creating scenarios, and indeed creating entire scientific studies, in collaboration with stakeholders involves challenges not traditionally faced in many ecological studies, the benefits for understanding the results and the increased potential for applying this knowledge to resource management are substantial. We believe that this type of codesign is key to understanding how to manage landscapes and ecosystems for ES and biodiversity, and using this knowledge to create tools that can help build multifunctional and sustainable landscapes.
Responses to this article can be read online at: http://www.ecologyandsociety.org/issues/responses. php/7927
